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ABSTRACT

Galaxy internal structure growth has long been accused of inhibiting star formation in disc galaxies. We investigate
the potential physical connection between the growth of dispersion-supported stellar structures (e.g. classical bulges)
and the position of galaxies on the star-forming main sequence at z ~ 0. Combining the might of the SAMI and
MaNGA galaxy surveys, we measure the Ar. spin parameter for 3289 galaxies over 9.5 < log M, [Mg] < 12. At
all stellar masses, galaxies at the locus of the main sequence possess Ag. values indicative of intrinsically flattened
discs. However, above log M, [Mg] ~ 10.5 where the main sequence starts bending, we find tantalising evidence for
an increase in the number of galaxies with dispersion-supported structures, perhaps suggesting a connection between
bulges and the bending of the main sequence. Moving above the main sequence, we see no evidence of any change
in the typical spin parameter in galaxies once gravitationally-interacting systems are excluded from the sample.
Similarly, up to 1 dex below the main sequence, Ar. remains roughly constant and only at very high stellar masses
(log M, [Mg] > 11), do we see a rapid decrease in Ag. once galaxies decline in star formation activity. If this trend
is confirmed, it would be indicative of different quenching mechanisms acting on high- and low-mass galaxies. The
results suggest that while a population of galaxies possessing some dispersion-supported structure is already present
on the star-forming main sequence, further growth would be required after the galaxy has quenched to match the
kinematic properties observed in passive galaxies at z ~ 0.
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1 INTRODUCTION 2006; Bamford et al. 2009; Bluck et al. 2014; Morselli et al.
2017). Quantifying whether these trends are causal or coinci-
dental is required before we can fully understand what makes
a galaxy stop forming stars.

There is also a very strong correlation between a galaxy’s
SFR and its stellar mass, M,. This correlation means that
star-forming galaxies are confined to a narrow sequence (with
scatter of order ~ 0.3 dex, see Speagle et al. 2014, and ref-
erences within) on the log(SFR) vs. log(M,) plane, dubbed
the star-forming main sequence (SFMS; Noeske et al. 2007).
a.fraser-mckelvie@Quwa.edu.au This fundamental scaling relation covers several dex in stel-

Galaxy physical appearance (or morphology) and star for-
mation rate (SFR) are two of the most common properties
used to classify galaxies. There is some linkage between the
two such that frequently, we see that passive galaxies possess
large galactic bulges, whereas star-forming galaxies are more
discy in appearance (e.g. Strateva et al. 2001; Driver et al.
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lar mass and describes a (mostly) linear increase in log(SFR)
with log(M.). This relation was in place early (Schreiber et al.
2015; Leslie et al. 2020), and while the sequence is tight, the
physics of what drives the scatter in the SFMS (especially at
high stellar masses) is of great interest.

Many recent works find that the SFMS relation is not lin-
ear across the entire range of stellar masses mapped by extra-
galactic surveys. Instead, it bends such that high-mass galax-
ies (log M. (Mg) 2 10.5 at z = 0) possess lower SFRs than
projected for their mass based on an extrapolation of the re-
lation for lower-mass galaxies (e.g. Noeske et al. 2007; Bauer
et al. 2013; Whitaker et al. 2014, 2015; Schreiber et al. 2015;
Tomczak et al. 2016; Leslie et al. 2020). The reason for this
decrease in SFR at high stellar masses is unknown, but at
low redshifts is thought to be due to a combination of the
effects of stellar mass, morphology, and environment (Erfani-
anfar et al. 2016). Indeed, various works have studied the link
between main sequence bending and secular processes such
as gas depletion due to environmental effects (e.g. Gavazzi
et al. 2015), AGN feedback (e.g. Mancuso et al. 2016; Bren-
nan et al. 2017), halo quenching (e.g. Popesso et al. 2019), or
disc rejuvenation (e.g. Mancini et al. 2019).

The growth of a component that increases the stellar mass
of a galaxy but not its SFR could also cause the observed de-
crease in galaxy specific SFR (sSFR) at high stellar masses.
For this reason, bulges have also been proposed as a morpho-
logical driver of SFMS bending (Wuyts et al. 2011; Abramson
et al. 2014; Lang et al. 2014; Whitaker et al. 2015; Erfanianfar
et al. 2016). The growth of a dispersion-dominated bulge has
also been linked to the cessation of star formation in a galaxy
via a morphological quenching pathway (Martig et al. 2009).
In this manner, a disc may be stabilized against further frag-
mentation through the growth of a central mass concentra-
tion. However, this paradigm does not explain observations of
bulge-dominated galaxies residing in the highly star-forming
region of the SFR vs. M, diagram (e.g. Wuyts et al. 2011;
Morselli et al. 2017; Popesso et al. 2019).

Bulges can form and grow via multiple pathways, including
mergers (e.g. Hopkins et al. 2010), or in a secular manner (e.g.
Pfenniger & Norman 1990). Stellar bars are known to play
an important role in bulge formation by driving gas into the
central regions of galaxies (e.g. Quillen et al. 1995), resulting
in starbursts (e.g. Spinoso et al. 2017), and contributing to
central mass concentration growth (e.g. Wang et al. 2012).
Given bars are disc phenomena, we expect the bulges formed
by their influence to be rotation-supported by nature (e.g.
Bittner et al. 2020).

But just how can a bulge grow in an actively star-forming
galaxy without also quenching the galaxy? ‘Compaction’ de-
scribes the growth of a bulge through the movement of galax-
ies around the main sequence plane through both internal and
external processes (e.g. Zolotov et al. 2015; Tacchella et al.
2016). Star-forming galaxies may propagate upwards to be
above the SFMS line when an episode of gas infall is trig-
gered (be that by mergers, counter-rotating streams, or vio-
lent disc instabilities). During this episode, gas is funnelled
to the central regions of a galaxy, where it is used up in a
burst of star formation (e.g. Ellison et al. 2018), fuelling the
growth of central regions to a saturation point. After this
starburst ceases, a galaxy will drop down onto the SFMS (or
below) as the gas-depleted galaxy waits to become replen-
ished again. The complex interplay between depletion and
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replenishment times determines the position of a galaxy on
the SFR vs. M, diagram today. In this manner, a galaxy will
build up its bulge (and become more compact) through suc-
cessive compaction events, whilst remaining on the SFMS.
Importantly, the process of compaction sets no constraints
on bulge kinematics.

One of the results of compaction should be a population of
bulge-dominated galaxies that lie above the SFMS. (Morselli
et al. 2017; Popesso et al. 2019). Some studies however, do
not find this, (e.g. Cook et al. 2020), and rather attribute the
bulge-dominated starbursting galaxies to poor bulge-disc de-
compositions, often complicated by mergers and interactions.
These same works that suggest bulge growth as the cause of
SFMS bending also report that this process is not sufficient
to produce the amount of bending seen at high stellar masses
(Popesso et al. 2019). Indeed, main sequence bending has also
been seen in populations of visually classified pure disc galax-
ies (Guo et al. 2015). These studies suggest that a decrease
in the SF activity of the disc is also required, and various en-
vironmental mechanisms including virial shock heating (e.g.
Birnboim & Dekel 2003; Keres et al. 2005) or gravitational
infall heating (e.g. Dekel & Birnboim 2008; Khochfar & Os-
triker 2008) have been proposed to provide this additional
star formation quenching.

Whatever the cause of the SFMS bending, we do know
that the scatter in the SFMS likely reflects a real diversity
in star formation histories (Abramson et al. 2014; Matthee
& Schaye 2019). Extending on this idea, we might also ex-
pect a variety of stellar kinematics, indicative of a variety of
galaxy formation pathways. Previous work has shown a link
between Hubble type and the spin parameter Ar. (Cortese
et al. 2016; Falcén-Barroso et al. 2019; Wang et al. 2020),
V/o (van de Sande et al. 2018), and specific angular momen-
tum (Cortese et al. 2016), such that later-type spiral galaxies
are more rotationally-supported than earlier-type spirals and
S0s. Wang et al. (2020) extended on this idea by examining
the link between galaxy visual morphology and position on
the SFMS. A picture emerged in which galaxies lying on the
SFMS were predominantly spirals with small bulges, while
below the SFMS, galaxy kinematics depended on stellar mass
(though it should be noted that our own Milky Way violates
this picture with a small bulge, but low SFR for its stel-
lar mass e.g. Licquia & Newman 2015). Wang et al. (2020)
reported a strong mass dependence below the SFMS such
that low-mass galaxies were ‘fast rotator’ early-type galax-
ies, while high-mass (M, > 2 x 10*! M) galaxies were ‘slow
rotator’ spheroids.

A dichotomy at z = 0 between star-forming, disc-
dominated galaxies and passive, bulge-dominated galaxies is
apparent. What is unclear however, is the order of these pro-
cesses. Can a bulge form in a star-forming galaxy (and does
it have a role in the quenching of star formation), or is bulge
build-up the realm of passive galaxies?

In this paper, we investigate kinematic trends across the
SFMS with IFS data, comparing galaxy spin parameters
both on and off the SFMS. For this sort of analysis, we
will benefit from the number statistics that the two largest
IFS surveys to date can provide, and so we combine data
from both the Sydney-AAO Multi-object Integral field spec-
trograph (SAMI; Croom et al. 2012) galaxy survey and the
Mapping Nearby Objects at APO (MaNGA; Bundy et al.
2015) galaxy survey. Given that the target selection of these



two surveys differ, we are able to probe more of the galaxy pa-
rameter space, and compare whether or not trends seen in one
data set persist between the two. To enable the best compar-
ison possible, we measure kinematic properties between the
two surveys using a homogeneous set of structural parame-
ters, SFR measurements and stellar mass indicators.

This paper is organised as follows: in Section 2 we describe
the SAMI and MaNGA IFS surveys, along with the homo-
geneous structural parameters used to calculate kinematic
measurements. We also describe the IFS sample, kinematic
measurement and corrections, along with the definition of the
main sequence line used. In Section 3 we present the results,
and in Section 4 we discuss the implications of our findings.
Throughout this paper we employ a ACDM cosmology, with
O, =03, Q) =0.7, Hy = 70 km g7t Mpc_1 and a Chabrier
(2003) IMF.

2 DATA AND METHODS
2.1 The SAMI galaxy survey

The SAMI galaxy survey is an IFS survey on the Anglo-
Australian Telescope (AAO) that observed 3068 galaxies
from 2013-2018 (Croom et al. 2012). SAMI uses 13 fused
fibre hexabundles (Bland-Hawthorn et al. 2011; Bryant et al.
2014) with a high (75%) fill factor. Each bundle contains 61
fibres of 1.6” diameter resulting in each integral field unit
(IFU) having a diameter of 15”. The IFUs, as well as 26 sky
fibres, are plugged into pre-drilled plates using magnetic con-
nectors. SAMI fibres are fed to the double-beam AAOmega
spectrograph (Sharp et al. 2015), which allows a range of dif-
ferent resolutions and wavelength ranges. The SAMI Galaxy
survey employs the 570V grating at 3750-5750 A giving a
resolution of R=1810 (¢ = 70.4 km s~') at 4800 A, and
the 1000R grating from 6300-7400 A giving a resolution of
R=4260 (0 = 29.6 km s7') at 6850 A (Scott et al. 2018).
83% of galaxies in the SAMI target catalogue have coverage
out to 1R. (Bryant et al. 2015).

The SAMI survey is comprised of a sample drawn from the
GAMA equatorial regions (Bryant et al. 2015), and an addi-
tional sample of eight clusters (Owers et al. 2017). SAMI Data
Release 3 (DR3; Croom et al. 2021) contains observations of
3068 galaxies and is the final data release of the SAMI survey.
SAMI DR3 includes observations spanning 0.04 < z < 0.128
and 7.42 < log M,[Mg] < 11.89 (corresponding to an r-band
magnitude range of 18.4 < m, < 12.1), with environments
ranging from underdense field regions to extremely overdense
clusters.

SAMI DR3 galaxy cubes are provided for use, along with an
array of maps data products. All data products have spaxel
size of 0.5 spaxel ™!, and the average seeing FWHM is ~ 2".
Here, we employ the two-moment Gaussian line of sight ve-
locity distribution (LOSVD) stellar kinematic maps (van de
Sande et al. 2017b), including rotational velocity, and veloc-
ity dispersion (o) maps. We use the adaptively binned maps,
in which spaxels are binned to a signal-to-noise (S/N) of 10
using the Voronoi binning code of Cappellari & Copin (2003).
The S/N is calculated from the flux and variance spectra of
each spaxel as the median across the entire blue wavelength
range (Scott et al. 2018), and spaxels with S/N >10 are not
binned.
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2.2 The MaNGA galaxy survey

The MaNGA Galaxy Survey is an IFS survey that ob-
served >10,000 galaxies from 2014-2020 (Bundy et al. 2015;
Drory et al. 2015). It is an SDSS-IV project (Blanton et al.
2017), employing the 2.5m telescope at Apache Point Ob-
servatory (Gunn et al. 2006) and BOSS spectrographs (Smee
et al. 2013), which have continuous wavelength coverage from
3600-10300 A at R~ 2700 (o ~ 70 km s™'). MaNGA’s tar-
get galaxies were chosen to include a wide range of galaxy
masses and colours, over the redshift range 0.01 < z < 0.15.
The Primary+ sample (Yan et al. 2016a; Wake et al. 2017)
contains galaxies with spatial coverage out to ~ 1.5R. for
~ 66% of the total sample, and the remainder (dubbed the
Secondary sample) are observed out to ~ 2.5R,, generally at
higher redshifts than the Primary+ sample. SDSS-IV data
release 15 (DR15; Aguado et al. 2019) contains 4621 unique
galaxies, selected in the range 7.9 < log M, [Mg] < 12.1, (cor-
responding to 18.1 < m, < 11.6), and a range of field envi-
ronments, observed and reduced by the MaNGA Data Reduc-
tion Pipeline (Law et al. 2015). Derived properties are pro-
duced by the MaNGA Data Analysis Pipeline (DAP; Westfall
et al. 2019), provided as a single data cube per galaxy (Yan
et al. 2016b). MaNGA’s spaxel size matches that of SAMI, at
0.5" spaxel™, and the average seeing conditions throughout
the survey were such that the r-band PSF FWHM is ~ 2.5".
We employ the two-moment LOSVD stellar velocity and
dispersion maps using the Voronoi binning scheme to ensure
each bin reaches a target S/N of 10. We also apply the ve-
locity dispersion correction provided to account for MaNGA
instrumental dispersion (see Westfall et al. 2019).

2.3 Star formation rates and stellar masses

In this analysis we wish to compare trends in the spin pa-
rameter Ar. with current star formation activity in galax-
ies. Given there may be observational biases that are un-
accounted for between the two surveys, we report trends in
SAMI and MaNGA data separately. However, to determine
a robust star-forming main sequence line, we wish to be able
to place the two surveys on a homogeneous SFR-M, plane.

For this reason, we match both SAMI DR3 and MaNGA
DR15 to the GALEX-Sloan-WISE legacy catalogue 2
(GSWLC-2; Salim et al. 2016, 2018) using a sky match with
maximum separation of 2. GSWLC-2 provides UV-optical—
mid-infrared (IR) SED-derived stellar masses and SFRs for
659,229 galaxies within the SDSS footprint and z < 0.3, with
photometry provided by GALEX, SDSS, and the Wide-Field
Survey Explorer (WISE). We utilise the GSWLC-X2 cat-
alogue, which uses the deepest GALEX photometry avail-
able (selected from the shallow ‘all-sky’, medium-deep, and
deep catalogues) for a source in the SED fit. SED fitting
was performed using the Code Investigating GALaxy Emis-
sion (CIGALE; Noll et al. 2009; Boquien et al. 2019), which
constrains SED fits with IR luminosity, which they term
SED+LIR fitting.

3901 MaNGA galaxies have matches to the GSWLC-2, and
1832 SAMI galaxies. Unfortunately many of the galaxies lost
belong to the SAMI cluster sample, though we note that four
clusters have GSWLC-2 coverage.

MNRAS 000, 000-000 (0000)
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2.4 Structural parameters

To enable a comparison between SAMI and MaNGA kine-
matic quantities, we require the structural parameters used
to define the apertures to be identical. Indeed, a small change
in aperture size can result in an appreciable difference in Agre
values for a given galaxy. For this reason, we match both sur-
veys to the NASA-Sloan Atlas (NSA; Blanton et al. 2011),
and use the elliptical Petrosian values for effective radius
(Re), axis ratio (b/a, which we use to define the ellipticity, e,
as € = 1 — b/a), photometric galaxy position angle (¢), and
the Sérsic index (n) from a single Sérsic fit. As MaNGA’s tar-
geting catalogue was the NSA, all galaxies have these values
available. 1831 SAMI galaxies with GSWLC-2 data also have
counterparts in the NSA.

2.5 Defining a star-forming main sequence

We define the SFMS line for the SAMI and MaNGA galaxies
used in this work by fitting a curve to the points at which the
number density is highest in the SFR vs. M, diagram in bins
of stellar mass over the mass range 9 < log M,[Mp] < 11.7.
For each bin of stellar mass, we simply determine the peak of
a histogram of SFRs. In order to increase number statistics,
whilst still fitting to the overall SAMI and MaNGA galaxy
distribution, we fit this curve to the GSWLC-2 sample over
the redshift range of the SAMI and MaNGA samples. We also
weight the GSWLC-2 galaxy sample such that the overall
redshift distribution of the SAMI and MaNGA samples is
also matched. This increases the number of galaxies used in
the fit from ~ 5700 in the SAMI and MaNGA sample to
~ 403,000. In this manner, the main sequence line naturally
bends at high stellar masses, as shown in Figure 1. We fit
the functional form of the main sequence curve definition
introduced in Leslie et al. (2020) (which is based on that of
Lee et al. 2015):

. 10Mt
log((SFR[Me yr™])) = So — art —logyo [ 1+ J557 |+ (1)

M| = Mo — ast, (2)

where M is (log(M,/Mg)), M; is the turnover mass, and ¢
is the age of the Universe in Gyr. For star-forming galaxies,
Leslie et al. (2020) find Sp = 2.977598 My = 11.0673:1% a1 =
0.227001, and az = 0.1270-03. We use these values, along with
t = 13.5 Gyr, and fit a curve to the star-forming galaxies (de-
fined arbitrarily as those with log(SFR) > 0.704 x log(M.,) —
8.21) in the GSWLC-2 using SCIPY’S OPTIMIZE.CURVEFIT
package. The best fit main sequence line for the SAMI and
MaNGA galaxies is:

) 1010-064
log(SFR[M@ yr ]) = 0.256 — loglo <1 + 1071\/[) s (3)
where M is as defined above.

We note that Equation 3 deviates at high stellar masses
towards slightly higher SFRs compared to the Leslie et al.
(2020) curve, as shown in Figure 1; similar SFMS behaviour
is also reported in Thorne et al. (2020). The Leslie et al.
(2020) SFMS relation is derived from 3GHz radio continuum
imaging of the COSMOS field, and is extrapolated below z ~
0.3. The high-mass objects observed at low-redhift in this
work are not present in the Leslie et al. (2020) sample, and
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Figure 1. A 2D histogram of the number of galaxies (nga1) in bins
of stellar mass and star formation rate for the combined SAMI and
MaNGA sample. Contours of the the overall distribution of the
sample are overlaid in white. The SFMS line is fit to GSWLC-2
galaxies that match the overall redshift distribution of SAMI and
MaNGA, and magenta markers denote the peak of the SFR distri-
bution for that mass bin. The SFMS line of Equation 3 is shown in
green and the linear SFMS line fit of Equation 4 is shown in blue.
For comparison, the SFMS fit of Leslie et al. (2020) extrapolated
to z = 0 is shown in red.

we speculate this is the reason behind the discrepancies at
the high-mass end.

As a comparison, we also fit a linear main sequence line to
investigate any biases introduced by the assumption that the
main sequence bends at high stellar masses. We use only low-
mass galaxies in the linear main sequence fit, (where there is
no obvious deviation from a straight line, see Figure 1) within
the mass range 9.0 < log M, [Mg] < 10.0. The best fit straight
line to the GSWLC-2 galaxies scaled to match the redshift
distribution of the combined SAMI and MaNGA sample is:

log(SFR[Mg yr~']) = (0.674 x M) — 6.836, (4)

where M is as defined above. The results of this paper using
a linear SFMS line are presented in Appendix A.

We define the quantity A MS as the difference in SFR from
the prediction of the SFMS curve of Equation 3 for a galaxy
of the same mass.

2.6 \r. measurement

Following Emsellem et al. (2007) and Emsellem et al. (2011),
we define the spin parameter approximation, Age, as the
flux-weighted ratio of ordered to disordered motion within
a galaxy:

Nspa
Ap= BV 3y BBV
(RVVZ+0%) S5 FiRo/VE 407

where F'is the flux, V the stellar rotational velocity, and o the
stellar velocity dispersion of the ith spaxel. In the same man-
ner as Cortese et al. (2016) and van de Sande et al. (2017b),
we define R as the semi-major axis of an ellipse on which
spaxel i lies. We chose to use the intrinsic radius rather than

(5)
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Figure 2. The effects of the kinematic sample selection cuts on
the parent sample of SAMI and MaNGA galaxies with GSWLC-2
SFRs. Each panel is a histogram of the distribution of the distance
of a galaxy to the main sequence line (A MS) in five mass bins,
with the parent sample in grey, and the final sample of galaxies
used for kinematic analysis after quality cuts were made in colour.
The majority of galaxies rejected from the kinematic analysis are
low-mass, and this is mostly due to low continuum S/N.

the circular projected radius as it follows the galaxy light
profile more accurately. We note that while this is the same
technique used for SAMI galaxies by van de Sande et al.
(2017b), the values of €, R, and ¢ used to define the ellipse
within which Agre is calculated are different. The reason for
this difference is that we wish to compare SAMI and MaNGA
measurements in as close a manner as possible, and hence
used the same catalogue (the NSA) for structural measure-
ments of galaxies for both surveys. This discrepancy results in
a small scatter of order ~ 0.05 in Ar. measurements (though
importantly, no offset) between the Agr. values from van de
Sande et al. (2017b) and those reported in this work.

At this point, some cuts were also applied to the SAMI
and MaNGA data to ensure only galaxies with reliable kine-
matics were included in the Ag. catalogue. In both samples,
we removed galaxies with R, less than the HWHM PSF of
the observation. For MaNGA, we also removed galaxies for
which more than 20% of spaxels within an ellipse of semi-
major axis 1R. were masked. The masking could be the re-
sult of flags introduced in the data reduction process (as the
DAP velocity and o masks were applied to the maps prior to
analysis), or we also masked all spaxels where the corrected
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o < 50 km s7', as Westfall et al. (2019) suggests that this
is the lower limit for which dispersion measurements can be
trusted when S/N> 10.

SAMI kinematic quality cuts are described in Section 3.2.6
of van de Sande et al. (2017b), and involve a relative o cut
such that bad spaxels are defined as those with gepror >
o x 0.1425 km s~!. We keep the same quality cuts as van de
Sande et al. (2017b), and reject any galaxy with > 25% bad
spaxels from the following analysis. In addition, we removed
any galaxies for which R. is greater than the aperture size
(~ 16% of the sample), to avoid the need for aperture cor-
rections, and those that were flagged as having unreliable
kinematics in the SAMI DR3 kinematics catalogue.

In Figure 2, we show histograms of the combined SAMI
and MaNGA parent sample with GSWLC-2 SFRs (grey his-
tograms), and the final kinematic sample used in this analysis
after all cuts are made (coloured histograms). Each panel of
Figure 2 represents a mass bin used in this work. Unsurpris-
ingly, the greatest number of galaxies are lost from the low
stellar mass bins, mostly due to poor continuum S/N within
the galaxy. Our final samples are representative and highly
complete (84%) for log M.[Mg] > 10, though the complete-
ness drops significantly (to 48%) for log M,.[Me] < 10. While
we still cover the entire range of SFRs of interest for our
analysis, we recommend caution in extrapolating our findings
to the entire low mass population. In summary, 897 SAMI
galaxies and 2392 MaNGA galaxies have reliable Ar. mea-
surements.

2.7 Inclination and seeing corrections

Measurement of the Ar. parameter is influenced by both the
FWHM of the PSF of the observation and the galaxy in-
clination angle (e.g. Cappellari 2016; Graham et al. 2018),
hence we attempt to account for both of these effects. Given
the difference in average seeing conditions between the SAMI
(FWHM ~ 2”) and MaNGA (FWHM ~ 2.5") surveys, it is
essential to apply a seeing correction so that we may facili-
tate as close a comparison in kinematic properties as possi-
ble. There are several recent examples of seeing corrections
for IFS data in the literature (e.g. Graham et al. 2018; Chung
et al. 2020; Harborne et al. 2020). We decide to apply the see-
ing correction of Harborne et al. (2020)!, due in part to its
ease of application to different IF'S survey datasets. Briefly,
the corrections of Harborne et al. (2020) take the Sérsic in-
dex of the galaxy and FWHM of the IFS observation and
provide a value for Ag. that is corrected for seeing. Given
the MaNGA PSF is on average ~ 0.5” greater than that of
SAMI, the PSF corrections affect the MaNGA data more.
Figure 3 shows the increase in median Ag. after both PSF
correction (an increase of ~ 0.1, in line with Graham et al.
2018) and deprojection corrections are applied as a function
of distance from the main sequence (A MS) for SAMI (navy
blue lines) and MaNGA (green lines) galaxies. Although the
corrections change the absolute value of the median Age, the
overall shape of the curves are preserved, meaning that the
relative ordering of the spin parameter values will not change
greatly when kinematic corrections are applied.

Figure 4 shows that for the combined SAMI and MaNGA

L http://github.com/kateharborne/kinematic_corrections
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Figure 4. Petrosian axial ratio, b/a, of the combined

SAMI/MaNGA kinematic sample for bins of AMS. The shaded
region denotes the 25" and 75" percentiles of the distribution.
Galaxies above the main sequence are on average more round than
those on or below.

sample, there is a dependence on galaxy axis ratio (b/a) with
A MS such that galaxies above the main sequence are rounder
than those on the main sequence (assuming that b/a indicates
inclination and not intrinsic shape). As pointed out by Wang
et al. (2020), without an inclination correction the raw ro-
tational stellar velocity and o values propagate to artificially
low Ag. values above the main sequence, making these galax-
ies appear more dispersion-dominated than they actually are.

Many deprojection corrections exist in the literature rang-
ing from a simple 1/4/€ (e.g. Cortese et al. 2016), to more
complicated functions (e.g. Falcén-Barroso et al. 2019). We
chose the correction of Emsellem et al. (2011), as imple-
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mented by del Moral-Castro et al. (2020):
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where b/a is the axis ratio of the galaxy, and qo is the intrinsic
axial ratio of an edge-on galaxy. As we are interested primar-
ily in galaxies on or near the star-forming main sequence, we
choose go = 0.2, as used in Cortese et al. (2016) for galaxies
with a clear disc component. The anisotropy parameter, 3,
varies slightly with Hubble type, but we use 8 = 0.3, which
is appropriate for disc galaxies (derived from Table B.1 of
Kalinova et al. 2017).

We note that previous studies have found variation in both
the go and § parameters with galaxy morphology (e.g. Cap-
pellari et al. 2007; Chemin 2018). We tested the difference
between SAMI Agre, deproj values using fixed go and 8 and
those where go and § varied with galaxy morphology obtained
from the catalogue of Cortese et al. (2016). We found very
little difference between the two methods, with the maximum
AXRe, deproj Of ~ 0.03. Importantly, there are no trends in
median Age, deproj With A MS. In addition, van de Sande et
al. (MNRAS, in prep.), show that there is very little offset
(AXgre < 0.05 — 0.1) in deprojected Ar. measures between
using the simplistic assumptions presented above and a more
detailed approach as described by Cappellari et al. (2007).

Given the similarity between the fixed and morphology-
based deprojection values coupled with the fact that we do
not have a homogeneous morphology catalogue for both the
SAMI and MaNGA samples, we stick with the assumption of
qo = 0.2 and 8 =0.3.

Figure 3 shows that while the overall shape of the
Agre distribution as a function of A MS remains simi-
lar, on average, MaNGA Mg, values are slightly higher
(AXge, PsF corrtdeproj ~0.05) than SAMI at A MS = 0.
There could be multiple reasons for this discrepancy, one of
which being simply a difference in sample selection. That
said, the locus of the main sequence should be well sampled
by both surveys. A difference in the median S/N may also
be the result of MaNGA sampling more of the disc regions
of galaxies that are missed by SAMI. While poorly sampled
galaxies are removed from the kinematic samples and we al-
ways measure A out to 1R., if MaNGA is sampling slightly
more spaxels per galaxy on average than SAMI, this may re-
sult in a slightly higher median Ar. measurement. Finally,
another possible reason for the Ag. discrepancy may be the
way in which stellar velocity and o were derived between sur-
veys. While SAMI broadens their spectra to that of the tem-
plates used for a continuum fit, MaNGA fits at the native
resolution, then applies a dispersion correction after fitting
to account for instrumental dispersion effects. Both of these
methods produce velocity and o measurements that convey
the astrophysical Doppler broadening, though it is possible
that the differing techniques result in slight differences be-
tween the resultant derived velocity and o measurements.

There is currently no galaxy that is observed in both SAMI
DR3 and MaNGA DR15 releases, but we note that if this
changes in the future (indeed, Law et al. (2020) found 74
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Figure 5. A 2D histogram of median Ag, for bins of stellar mass
and star formation rate for the combined SAMI and MaNGA sam-
ple. The SFMS line of Equation 3 is shown in green, and for com-
parison, the linear main sequence line fit to low-mass galaxies of
Equation 4 is shown in blue.

galaxies in common between the internal MaNGA Product
Launch 10 (MPL-10) and SAMI DR2), a detailed analysis
into any discrepancies between velocity and o measures will
be extremely informative. Additionally, performing the anal-
ysis of this work on simulated SAMI and MaNGA kinematic
data will give insight into the origin of any small differences
seen in the kinematics between the two surveys.

3 RESULTS
ARre on the SFMS

After performing the various sample cuts described in Sec-
tion 2, the SAMI sample spans 0.01 < z < 0.11, 9.5 <
log M, [Mgp] < 11.8, 17.8 < m, < 12.1, and the MaNGA
sample 0.01 < z < 0.15, 9.5 < log M. [Mg] < 12.1, 175 <
m, < 11.6.

In Figure 5, we present a 2D histogram of the SFR vs.
M, plane for both the SAMI and MaNGA samples with bins
coloured by the average PSF-corrected and deprojected Are
values. The main sequence line defined in Equation 3 is shown
in green. In line with Croom et al. (MNRAS, submitted), over-
all trends are readily visible: the passive, high-mass galaxies
are chiefly dispersion-dominated systems, and the rotation-
dominated systems populate the main sequence line regions
of the plot. Interestingly, the range of Ag. values is greatest
at the highest stellar masses: high-mass galaxies are both the
most rotation-dominated and the most dispersion-dominated
galaxies in the local Universe.

We plot the median Agr. as a function of A MS for the
SAMI kinematic sample in Figure 6, and for the MaNGA
kinematic sample in Figure 7, where only bins that contain
five or more galaxies are displayed. As a comparison, we plot
the same parameters in Figures Al and A2, but calculating
A MS using the linear fit to low-mass galaxies from Equa-
tion 4. In both Figures, each panel highlights a mass bin,
with all others shown for comparison in grey. Shaded regions
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denote the 25" and 75" percentiles. Due to increased sam-
ple statistics at the high-mass end, there is an extra high-
mass bin for the MaNGA sample that is not present for
the SAMI data. For both the SAMI and MaNGA results
in Figures 6 and 7, we see that at the locus of the main
sequence (A MS = 0), the median Ag. value is high. Galax-
ies on the main sequence are rotationally-supported systems,
in line with previous photometric (e.g. Wuyts et al. 2011;
Morselli et al. 2017) and spectroscopic (Oh et al. 2020; Wang
et al. 2020) structural studies. Both SAMI and MaNGA sug-
gest an increase of Are with stellar mass for main sequence
galaxies. Specifically, the median Ag. increases from ~0.65 for
9.5 < log M, [Mg] < 10 to ~0.75 for 10.5 < log M, [Mg] < 11
at A MS = 0 for MaNGA galaxies. Overall, we see a hint of
mass dependence for Ag. such that the slope of the median
Are as a function of A MS becomes steeper at higher stellar
masses.

Above the main sequence, the SAMI sample does not show
any significant change in the median value of the stellar
spin parameter. However, this sample does not probe be-
yond A MS ~0.4 dex. Conversely, MaNGA allows us to
reach A MS ~0.8 dex where, at least for stellar masses
9.5 < log M.[Mp] < 11, we find marginal evidence for a
decrease in Age in very strongly star-forming galaxies. While
intriguing, this decrease is only marginally significant, and
given the tendency of tidal interactions triggering starbursts,
potentially more indicative of disturbances in the stellar ve-
locity field than gradual thickening of the disk or build-up of
a dispersion-dominated stellar component.

Indeed, if we remove the 27 galaxies that clearly show signs
of gravitational interaction in their SDSS optical images from
the highest two bins of A MS for the MaNGA sample, the
decrease in stellar spin at high A MS reduces somewhat. In
Figure 7, solid lines depict the full MaNGA kinematic sam-
ple, and dotted lines are the MaNGA sample with obvious
interactions removed from the highest two A MS bins in the
right panel. All disturbed SAMI galaxies were already re-
moved from the sample when the quality control cuts were
applied. Figure 7 confirms that especially for stellar masses
10 < log M,[Mg] < 11, the median Ag. value flattens out
slightly above the main sequence. We note that we removed
only the most obviously interacting systems whose SDSS im-
ages showed extreme warping from tidal interaction. There
are likely many interacting systems of varying degrees of tidal
disruption still remaining within the MaNGA kinematic sam-
ple.

Below the main sequence, the picture emerging is
slightly different. For galaxies with stellar masses 9.5 <
log M. [Mg] < 10.5, stellar spin seems to remain roughly con-
stant up to ~1 dex below the locus of the main sequence.
At higher stellar masses, both SAMI and MaNGA seem to
suggest a steepening of the A MS-Ag. relation so that with
increasing mass, low stellar spin galaxies become more fre-
quent closer to the locus of the main sequence.

4 DISCUSSION
4.1 A discy main sequence

We firstly discuss trends seen for star-forming galaxies lo-
cated on the main sequence. The most striking observation
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Figure 6. Median A, for SAMI galaxies as a function of distance from the SFMS line of Equation 3 (A MS) in bins of stellar mass.
Each panel highlights a different mass bin, with all other mass bins shown in grey for comparison. Shaded regions denote the 25" and
75t" percentiles for each mass bin. The vertical dashed line denotes the locus of the main sequence. In general, the SFMS is populated by
discy galaxies, with little change in Ap. within + 1 dex of the SFMS for all but the most massive galaxies.

from Figures 6 and 7 is that apart from the highest stellar
mass bin of log M,[Mg] > 11.5, all galaxies on the main se-
quence (A MS = £0.25 dex) possess Age values indicative of
discy galaxies (0.6 < ARe, PSF corrt+deproj < 0.8). As there
is a strong link between the Age spin parameter and the in-
trinsic shape of a galaxy (e.g. Foster et al. 2017), we can
therefore infer that galaxies on the main sequence are intrin-
sically flattened and axisymmetric discs. Apart from perhaps
the highest mass bins, galaxies on the main sequence are as
rotationally-supported and intrinsically flattened as they will
get; the main sequence is populated by the disciest galaxies.

For the MaNGA galaxies in Figure 7, we see a small mass
dependence at A MS = 0 such that apart from the highest
mass bin (within which dispersion-dominated structures may
be beginning to dominate) there is the trend that on aver-
age, higher-mass galaxies have greater values of Ag. than low
mass. Catinella et al. (2006) show that the rotation curves of
high-mass galaxies reach their peaks at shorter disc scale-
lengths than low-mass dwarfs, making it more likely that the
flat region of their rotation curves are contained within 1R..
Given the Agr. metric effectively normalises galaxy spin by
stellar mass (thanks to the o in the denominator of Equa-
tion 5), on average, the peak velocity of a galaxy’s rotation
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curve should be contained within the 1R. aperture of high-
mass galaxies more frequently than for their low-mass coun-
terparts. Hence, the resultant Agr. value will be greater. This
observation may explain the mass dependence seen at the
locus of the main sequence.

4.2 Classical bulge growth above the main
sequence?

Recent photometric studies of galaxies above the main se-
quence report that the bulge-to-total ratio (B/T) increases
such that starbursting galaxies are more bulge-dominated
than their neighbours on the main sequence (Morselli et al.
2017; Popesso et al. 2019). These authors find that starburst-
ing galaxies possess highly star-forming central regions, which
from concentration measures they infer are resultant from the
growth of classical bulges. We are able to test this theory from
a kinematic standpoint.

While we do observe a slight reduction in median Age
above the main sequence, this reduces when we remove the
27 galaxies from the MaNGA sample that are obviously in-
teracting according to their SDSS colour images. These in-
teracting galaxies will likely be highly dispersion-supported
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Each panel highlights a different mass bin, with all other mass bins shown in grey for comparison. Shaded regions denote the 25t and 75"
percentiles for each mass bin. Solid lines depict the full MaNGA kinematic sample, and dotted lines with white circles are the MaNGA
sample with obvious interactions removed from the highest two A MS bins. The extra high-mass bin for MaNGA galaxies is due to the

greater number of high-mass galaxies in this sample.

due to the random motions of stars induced by merger ac-
tivity. Of course interactions act to decrease the rotational
support of a galaxy whilst often inducing starburst activ-
ity, however these motions are not necessarily indicative of
classical bulge growth. Galaxy interactions may therefore be

artificially lowering the median spin parameter value above
the main sequence.

We re-examine trends in the Age — A MS relation of Fig-
ure 7 above the main sequence once interacting galaxies are
removed. For all but the highest and lowest stellar mass bins,
the median Ag. curves flatten somewhat such that they are
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Figure 8. Histograms and their associated kernel density estimate (KDE) plots of the combined SAMI and MaNGA kinematic sample
(grey), galaxies with Ag. > 0.6 (blue), and Ag. < 0.6 (red) in bins of stellar mass for —1 < A MS < 1. A MS = 0 is shown in black. At
low stellar masses, there is no deviation away from the main sequence. At higher stellar masses, low Ar. galaxies deviate towards lower
sSFRs, while high Ar. galaxies move above the main sequence line. We interpret these trends as evidence that more dispersion-dominated

galaxies populate the ‘bending’ region of the SFMS.

similar both on and above the main sequence, and these val-
ues are for that of dynamically cold, discy systems. Our re-
sults show that there is very little decrease in Agr. for the
majority of non-interacting systems above the main sequence,
and from this we imply that we do not see evidence of clas-
sical bulge growth in this regime.

The finding that dispersion-dominated bulges are not grow-
ing above the main sequence for the majority of the galaxy
population does not preclude a compaction scenario. Rather,
it is constrained such that the episode of gas infall must occur
in a manner so as not to disrupt the rotationally-supported
nature of the inner regions of a galaxy. We speculate that the
gas infall event that triggers a central burst of star formation
must be ordered. An investigation into the ordered and ran-
dom motions of gas in the central regions of galaxies above
the main sequence should reveal just how turbulent the gas
infall episode is.

We note that the SAMI and MaNGA samples do not probe
the extreme starbursting galaxy population. Our results are
statistically significant up to +0.8 dex above the SFMS, while
photometric studies such as Morselli et al. (2017) report B/T
trends up to +1 dex above. Figure 5 of Morselli et al. (2017)
shows that the steepest increase in B/T above the main se-
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quence occurs between +0.5 and +1 dex above the SFMS.
Given these trends, we should still expect to see some evi-
dence of dispersion-dominated structure growth in the high-
est two A MS bins of our kinematic results. We do see some
evidence for a decrease in spin parameter, but we attribute
this to a small number of interacting galaxies, rather than
large-scale classical bulge growth.

One such explanation for the discrepancy between the kine-
matic results presented here and photometric results from the
literature is from the photometric decomposition technique.
Cook et al. (2020) showed that the structural decomposition
technique used can affect B/T measurements across a large
mass range. From a careful structural decomposition of a rel-
atively small sample of galaxies, Cook et al. (2020) found
a monotonic decrease in B/T above the main sequence for
all but the lowest-mass galaxies in their sample. They at-
tributed the observed differences to spurious structural mea-
surements stemming from the limited model validation avail-
able for large (SDSS-sized) catalogues of bulge-disc decom-
positions. Indeed, mergers and interacting galaxies are tra-
ditionally very difficult to fit with simple bulge+disc models
(e.g. Mezcua et al. 2014). Our work agrees qualitatively with
that of Cook et al. (2020): we do not find evidence of a pop-



ulation of starburst galaxies with systematically higher B/T
in the local Universe.

A caveat to this work is the spatial resolution of the IFS
observations; it is possible that these galaxies on and above
the main sequence do not have bulges large enough to be seen
in the stellar kinematics. The PSF of SAMI and MaNGA
are ~ 2” and ~ 2.5"” respectively, which both correspond
to 2.0 kpc at the median redshifts of the kinematic samples
used in this work of z = 0.05 and z = 0.04. Dispersion-
dominated bulges significantly smaller than 2 kpc may be
washed out through beam-smearing effects. While this should
not be a problem for higher-mass galaxies, classical bulges
located in lower-mass galaxies can indeed possess sub-kpc
bulge effective radii (Gadotti 2009).

These results can be linked to the structural growth and
morphological transformation within galaxies in the context
of star formation. Given that we see no growth of dispersion-
supported structure on the SFMS, and yet passive galaxies
host such structures (especially at high stellar masses), we
may say something about the link between galaxy quenching
and morphological transformation via dispersion-dominated
bulge growth. Our results are consistent with two scenar-
ios: the first where initial quenching must take place before
morphological transformation, and the second where if these
two processes are concurrent, then the timescales differ such
that morphological transformation occurs more slowly than
quenching (or at least the galaxy moving off the main se-
quence; e.g. Cortese et al. 2019). We are not in a position
to say which scenario is occurring, but Croom et al. (MN-
RAS, submitted) takes a different approach in attempting to
explain the formation of SO galaxies via a combination of
photometric concentration measures and kinematic disper-
sion parameterisation. In this manner, they find that SO for-
mation can be explained via a simple disk fading model taking
into account progenitor bias. These results may provide clues
about bulge growth in the wider galaxy population.

4.3 Classical bulge growth below the main
sequence?

Figures 6 and 7 show a steepening of the Ag.—A MS relation
with increasing stellar mass below the SFMS. The reason be-
hind this steepening is unclear: while it seems to be revealing
an increase in dispersion-supported structure dominance, it
could also be the result of an upwards scatter in SFRs due
to the inherent unreliability of SFR indicators at low sSFRs.

Separating star-forming and passive galaxies becomes in-
creasingly difficult at higher stellar masses. As can be seen
from Figure 1, the clear bi-modality of star-forming and pas-
sive populations seen between 10.5 < log M,[Mg] < 11.0
diminishes at higher stellar masses. Coupled with a bending
of the SFMS towards lower SFRs, it becomes difficult to de-
termine where the main sequence is sampling star-forming
galaxies, and where the green valley begins. Indeed, works
that define a SFMS through Gaussian mixture modelling
have increasing difficulty fitting two Gaussians (one for the
star-forming population and one for the passive population)
at high stellar masses (e.g. Popesso et al. 2019). Whether this
blending of populations in the SFR plane is physical or the
result of unreliable SFR indicators at low sSFR is unknown. If
the latter, then we might expect some passive galaxies to ar-
tificially inhabit the lower portion of main sequence regions.
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This effect would be strongest at high stellar masses for a
curved main sequence, as it is in these regions that the main
sequence line deviates to lower sSFRs. The observed steep-
ening of the Are—A MS relation may be explained by a por-
tion of passive galaxies (with dominant dispersion-supported
structure) contaminating the Ag. measures below the SEMS.
Indeed, the steepening of the Are—A MS relation with mass
practically disappears if we use a linear fit to the main se-
quence.

If the observed steepening of the Are—A MS slope is real,
then this would suggest that the mechanisms acting on high-
and low-mass galaxies as they become more passive are differ-
ent: one produces passive galaxies with similar disc structure
as when they were on the main sequence, while the other
must dramatically alter the kinematics of a galaxy. The obvi-
ous mechanism that will destroy or thicken a disk is mergers.
Interestingly, the vast majority of slow rotator galaxies pos-
sess high stellar masses (e.g. Emsellem et al. 2007; van de
Sande et al. 2017a; Graham et al. 2018; van de Sande et al.
2020; Wang et al. 2020). It is tempting to speculate that the
reason for the Age steepening in high-mass galaxies only may
be that either the mergers required to create them only oc-
cur in high-mass galaxies, or perhaps the processes of mass
build up as the result of mergers differ with stellar mass (e.g.
Robotham et al. 2014). Both of these processes must begin
while the galaxy is still on the SEFMS.

One subject that this work does not touch on is the effect
of environment on the degree of dispersion support within
galaxies as a function of their sSFR. Hence, an exciting av-
enue for follow-up work on this topic is through exploring
trends with centrals vs. satellite galaxies.

4.4 The cause of main sequence bending

Many works propose the growth of bulges as the driver of
main-sequence bending (e.g. Abramson et al. 2014; Popesso
et al. 2019). Already we see a hint in Figure 7 that the
highest-mass galaxies (the regime in which we expect the
greatest deviation from a linear main sequence) are more
dispersion-dominated. We are in a unique position to test this
theory from a kinematic standpoint by examining whether we
see any differences in the A MS values of high- and low-Age
galaxies.

We split the combined SAMI and MaNGA sample be-
tween —0.8 < A MS < 0.8 into low (Are < 0.6) and high
(Are > 0.6) Are sub-samples. We note here that the low Age
sample does not consist solely of dispersion-dominated sys-
tems, rather they are simply more dispersion-supported than
the high Agr. systems. There are also trends present with
stellar mass such that higher-mass galaxies are more likely
to possess greater dispersion support. This means that there
will be a greater number of high-mass galaxies in the low-\ge
sample, and lower-mass galaxies in the high-Agr. sample. In
Figure 8, we plot the distribution of A MS for low Ag. (red
line) and high Age (blue line) galaxies as a function of dis-
tance from the curved SFMS line defined in Equation 3. As
a comparison, we plot the distribution of the overall sample
in grey. The locus of the SFMS is shown by a black dashed
line.

At low stellar masses we see that the A MS distribution
is very similar for all values of Age, though the low-Age sys-
tems begin to deviate above log M,[Mg] = 10, and at high
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masses are preferentially located below the SFMS line. Sim-
ilarly, above log M,[Mg] = 11, the high-Ag. systems begin
to deviate above the overall A MS distribution. At high-
mass, systems with greater dispersion dominance preferen-
tially populate regions below the SFMS line (however it is
defined), whilst rotation-dominated systems sit above. We
interpret these trends as evidence that the ‘bending’ region
of the SFMS is populated by galaxies of greater dispersion
support — high-mass galaxies with greater dispersion sup-
port are more likely to possess lower SFRs than their more
rotationally-dominated counterparts.

Our findings suggest that dispersion-dominated bulges are
already present in massive galaxies on the main sequence.
This is not surprising, given that the existence of visually
classified early-type (i.e. possessing a prominent bulge com-
ponent) star-forming spirals has been known since the estab-
lishment of the Hubble morphological sequence. That said,
the growth of a dispersion dominated bulge is not the only
possible cause of a decrease in Age: disc thickening will also
decrease Ar.. When our results are coupled with photometric
work highlighting the redistribution of stars towards central
regions below the main sequence however (e.g. Morselli et al.
2017; Popesso et al. 2019), they are sufficient to expect that
at least some of the Agr. decrease is due to bulge growth.

It is very tempting to push the interpretation of our results
further and wonder if they provide direct evidence of a phys-
ical link between lower SFRs and the growth of dispersion-
dominated structure in high-mass galaxies. The morpholog-
ical quenching argument of Martig et al. (2009) suffices in
explaining the lower SFRs seen in high-mass galaxies with
greater dispersion support. These galaxies possess lower SFRs
because their bulges are large enough that they have begun
to stabilise galaxy discs against further star formation. A
similar explanation was put forward by both Whitaker et al.
(2015) and Erfanianfar et al. (2016) to explain the morphol-
ogy dependence on the scatter in the main sequence, and a
flatter main sequence for galaxies with high Sérsic index re-
spectively. It is also possible that the lower sSFR is due to
the growth of a non-star-forming component that adds to the
stellar mass of a galaxy without increasing its SFR. In this
case, the growth of a bulge and the cessation of star forma-
tion do not need to be linked. Whatever the cause, we are left
with an intriguing hint of the role of morphology in regulat-
ing a galaxy’s star formation. We can certainly conclude that
the bending of the SFMS at high stellar masses is coincident
with a population of galaxies that possess classical bulges.

5 SUMMARY & CONCLUSIONS

We search for evidence of kinematic transformation in galax-
ies on the SFMS by examining the link between galaxy SFR
and stellar kinematics from IFS observations. Combining the
might of the SAMI and MaNGA IFS galaxy surveys, we cal-
culate the spin parameter, Age, in a homogenised manner for
3289 galaxies. Our main results are:

(i) Galaxies on the SFMS possess Ar. values indica-
tive of intrinsically flattened discs. There is a small mass
trend such that higher-mass galaxies appear to have higher
ARre values than lower-mass galaxies, which we expect is due
to the peak of low-mass galaxy velocity fields being more
likely to occur outside the 1R, aperture used in this work.
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For the highest stellar mass bin (log M,[Mg] > 11.5), we
see a population of galaxies on the SFMS that possess a
small dispersion-dominated bulge component (and possibly
some contribution from a thickened disc).

(ii) No decrease in Ar. above the SFMS. Once
interacting galaxies are removed, Agre measurements up
to +0.8 dex above the SFMS are consistent with those
on the SFMS for the majority of galaxies (though we see
marginal evidence that this may not hold true for the
lowest-mass galaxies of 9.5 < log M,[Mg] < 10), from which
we conclude that there is no growth of dispersion-dominated
galaxy components while a galaxy is in a starburst phase. If
compaction is occurring in highly star-forming galaxies, it
cannot be contributing to classical bulge growth.

(iii) A decrease in Ar. below the SFMS for high-
mass (log M,[Mg] > 11) galaxies. One possibility for the
decrease in median Agr. below the SFMS may be that the
SFR indicator is unreliable at low sSFRs, scattering some
green valley galaxies to higher SFRs than they should be.
If the trend is real however, then quenching mechanisms
must differ between high- and low-mass galaxies: low-mass
galaxies are quenching without structure growth, while some
mechanism is acting to both quench a galaxy and dramati-
cally adjust the stellar kinematics at log M,[Mg] > 11. The
likely culprit is gravitational interactions.

(iv) Evidence for a tantalising phenomenological
connection between the bending of the SFMS and
an increase in galaxy dispersion support. Lower Ag.
galaxies are preferentially located on or below the SFMS line
for log M« [Mg] > 10.5. More rotationally-supported systems
(Are > 0.6) better follow a linear SEMS line. The bending
of the SFMS is primarily due to the fact that lower Age
galaxies start dominating the galaxy budget of the SFMS at
high stellar masses, which we speculate is evidence for the
growth of classical bulges.

Our results indicate that bulge growth is occurring in high-
mass galaxies on and just below the SFMS to some degree.
In addition, we see evidence that the growth of a dispersion-
dominated bulge is linked to the bending of the SFMS at
high stellar masses. While extremely promising, we note that
further investigation is still required to precisely identify the
link between the SFMS bending and an increase in dynamical
pressure support. Despite our observations, bulge growth is
minor for the majority of galaxies on the SFMS. Given that
most extremely massive passive galaxies are slow rotators, we
find that extra bulge growth is still required once a galaxy
has quenched to produce the red and dead SOs observed in
the local Universe today.
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from Astronomical Optics’ Data Central service at:
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access/.

APPENDIX A: LINEAR MAIN SEQUENCE

We present median Age in bins of stellar mass as a function
of A MS using the linear definition of the SFMS line from
Equation 4. Figure A1l shows the SAMI results, and A2 are
the MaNGA results.

It is worth noting that the increase of Ar. with stellar
mass at the locus of the main sequence described in Section 3
remains even if A MS is measured from the linear fit to the
SEMS. The only difference is the change in behaviour at the
highest stellar mass bins, simply because we no longer have
galaxies at these stellar masses on the SFMS.

Interestingly, the trend of a steepening of the A MS—\ge
relation below the main sequence almost entirely disappears
(or is at least pushed towards higher distances from the main
sequence) when a linear fit to the main sequence is used.
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Figure A1l. Same as Figure 6, but using the linear SFMS line Equation 4 to calculate A MS. Given there are fewer galaxies above the
linear SFMS line, we are not able to probe as far above the main sequence as with the curved line.
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